The paper describes a novel technique that allows to reduce by half the number of delta values that were required to be computed with complexity O(N) in most of the heuristics for the quadratic assignment problem. Using the correlation between the old and new delta values, obtained in this work, a new formula of complexity O(1) is proposed. Found result leads up to 25% performance increase in such well-known algorithms as Robust Tabu Search and others based on it.
Introduction
The quadratic assignment problem (QAP) was first mentioned by Koopmans 
where is a facility assigned to location ; is a distance between locations and ; is a flow between facilities and . Since the problem is NP-hard [2] there is no exact algorithm that could solve the QAP in polynomial time. Furthermore, the travelling salesman problem (TSP) may be considered as a special case of the QAP for the case where all of the facilities are connected via flows of constant value into a single ring, while other flows are set to zero. Thus, QAP could be considered more challenging than TSP.
Only heuristic methods allow to obtain feasible solutions for QAP instances of size 30 and higher in reasonable time. One of the most efficient heuristic algorithms for the QAP is the Robust Tabu Search (Ro-TS) by Eric Taillard [3] , which produces high quality solutions even for very large instances. Among other successful heuristics are genetic algorithms [4] , ant systems [5] and others.
Typically, the predominant majority of them are based on a similar approach of the neighborhood representation obtained by pairwise exchange of elements in the solution vector. 
Background of the Neighborhood Scanning
The process of neighborhood scanning defined in Ro-TS is one of the most representative environments subject to improvement, since Ro-TS performs initial solution construction and objective function (1) evaluation only once on the beginning of the algorithm before main iterations start. During the initial stage, a random solution vector is generated and its cost is computed by objective function as defined by (1) . On each main iteration of the Ro-TS, a move, which relies on the exchange of two elements from the current solution vector is performed. A pair of elements to be exchanged is selected among all pairs in accordance with minimization criterion. The actual selection criterion is more complicated than just a delta value minimization, its discussion is omitted. After exchange, a new cost could be obtained from the previous cost by addition of a term, where all values are computed using the next formula during the initial stage of the Ro-TS (each with time complexity O(N)) before the main iterations:
It is convenient to store all computed values in a jagged matrix and fetch them to 
However, as has been observed by Taillard [3] , for those which involve one of the indices or from the last exchange, i.e. |{ } { }| , all new values must be evaluated anew with complexity O(N) by (2) . This technique of complete delta recomputation became widespread since it was originally described by Taillard and proceeded without much improvement into further research such as that of Reactive Tabu Search [6] and is still used nowadays in miscellaneous Ro-TS implementations such as for sparse matrices [7] etc. This paper reveals how to bypass this issue and to evaluate with linear time complexity only half of deltas involving nodes from the last pair exchange.
Significance and Performance
As mentioned before, the total count of all possible exchanges equals Let's consider the assignments of the same three flows to the same three distances after the elements and are exchanged (see Figure 4) . The new values , , that we need to compute after this exchange will contain the following terms:
It is important to note, that exactly these terms and for each arbitrary element need 
This result signifies that it is not necessary to compute both new values and simultaneously.
It is enough to compute anew just one of them and the second one could be evaluated via the first one using previous delta values. 
Hence we can represent the equality (3) as which is a part of (9) RHS without deltas, we will obtain a cumbersome expression (Appendix A) which has no benefits on small QAP instances due to numerous arithmetical operations. 
Conclusions
The result obtained in this paper can be successfully implemented into other heuristics that utilize the whole neighbor solutions scanning. Ro-TS is the most representative and exploitable among them, because the solution construction is performed only once and the rest of computational time is used for neighborhood scanning and delta values update. Thus, we can obtain significant performance increase substituting half of the O(N) computation operations with O (1) ones.
